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Al RFI ELD PAVEMENT EVALUATI ON CONCEPTS

1. Purpose. This manual presents general concepts for the eval uation
of the | oad-carrying capacity of pavenents used, or to be used, for
support of aircraft. An evaluation is conducted to assess the allowabl e
traffic that a pavenent can sustain for given |oading conditions or the
al l owabl e |l oad for a given amount of traffic w thout producing
unexpected or uncontrolled distress.

2. Scope. This manual is for use in evaluating Arny and Air Force
airfields and heliports, and is applicable to conventional type
pavenents. The gui dance can al so be applied to aggregate surfaced
strips, assault and expedient surfaced fields, pavenents on permafrost,
etc., but these require supplenental information and in sone cases
substantial nodification of mnethods.

3. References. Appendix A contains a |list of references used in this
docunent .

4. Relation of design to evaluation. The design of a pavenent requires
selecting materials with the necessary strength, and placing themat the
proper thickness, density, and depth, so that the pavenent wll be
capabl e of carrying an anticipated nunber of passes of a given | oad.
Because of variations in materials and placenent conditions, the as-
constructed pavenent may have strengths and thicknesses of |ayers
greater or less than contenplated in design. Also, with tine, usage, and
environnmental inpacts, the elenents of a pavenent contributing to its
strength can be subject to some change. Thus, an evaluation wll
determ ne the physical properties of a pavenent as actually built or in
its current condition and establish therefromthe pavenent’s
traffic/load supporting capacity.

5. Concepts. The primary function of a pavenent is to spread and

di stribute the wheel |oads placed on it. Each airfield or landing strip
has its own natural soil and environnmental conditions, and the in situ
soils must ultimately sustain the stresses resulting froml oads applied
to the pavement. Since the strengths of native soils can vary wdely
fromsite to site, the ability to support |oads also varies w dely.
However, except in unusual cases, aircraft tire | oads cannot be
satisfactorily sustained directly on the native soils.

a. Pavenent structure. Pavenent design and eval uati on are concerned
Wi th determning the capability of the pavenment structure to reduce the
load intensity to a magnitude the airfield site soils can sustain. The
| arger the load at the surface and the smaller the tire contact area, or
conversely, the higher the contact pressure, the stronger or thicker the
pavenent structure must he to distribute |oad and reduce load intensity
(pressure or stress) to that which the native soil can accept. Layered
fl exi bl e pavenents distribute | oad by broadening the effective area
supporting the load fromthe tire contact area on the surface to a w der
area on the base, a still w der area on the subbase, and so on. Each
| ayer nust be of a quality to sustain the load intensity or stress it
nmust accept, and each nust be thick enough to broaden or distribute the
| oad and reduce intensity to that which its supporting | ayer can
sustain. R gid pavenents are stiffer and have a "beam action" or
fl exural capability which spreads or distributes |oad nore w dely, so



t hese pavenents can be nmuch thinner than flexible pavenents. However,
t hi ckness, flexural strength, and other quality aspects nust be assessed
for eval uation.

b. Loadings. Early aircraft were prinmarily supported on only two
mai n
| andi ng gear wheels, referred to as "single" wheels. The foregoing
pavenent structure discussions have a single-wheel |oad as exanple.
Wth the large increases in aircraft gross weights, |anding gear have
changed to twin (2 per strut) wheel |oadings, to tw n-tandem (4 wheel)
| oadi ngs, and to nore conplex (16 and 24 main gear wheels, extra "belly"
gear) wheel support systens. The two main wheel s of single-wheel
aircraft are generally spaced far enough apart that there is no
significant overlap of the distributed | oads for even very thick
pavenment structures protecting weak subgrades. For tw n wheels,
however, and cl osely spaced tandem wheels or conpl ex wheel groups, the
patterns of distributed surface
| oadi ngs at and near the bottom of pavenent structures overlap so that
the intensities (pressures or stresses) reconbi ne between adjacent
wheels. This reconbining effect of load intensities is greater as the
adj acent wheel s becone closer. However, the conbining effect is |less
for strong subgrades requiring only relatively thin pavenent structures
than for weak subgrades requiring thick pavenent structures. This is a
significant factor in pavenent eval uation regarding the gross weight and
wheel configuration of using aircraft.

c. Load repetitions.

(1) Repetitions of load or aircraft passes is an aspect of
structural capacity. A pavenent capable of sustaining a certain
aircraft |l oading on a regular repeating basis for sone "design" life of
t he
facility (commonly 20 years) can sustain repeated application of a
| arger | oading, but for a reduce pavenent life (less nunber of passes).

(2) It follows that an evaluation of the structural capacity of a

pavement
may determ ne not only a maxi num al | owabl e nunber of repetitions for a
specific | oading, but also a maxi mum al |l owabl e | oading for a given
nunber of repetitions of traffic.

(3) This pattern of load and repetitions inplies that a single
application of a given |oad can be considered to represent a nunber of
applications of a | oad of another nmagnitude. The nunber of applications
can therefore be taken as the equival ent applications of one load to
anot her. These equival ent applications or equivalencies wll normally
be uneven or fractional nunbers. For exanple, one application of a | oad
which is 20 percent heavier than another, when applied to a pavenent,
may be considered equivalent to 6.5 applications of the smaller |oad or,
one application of the lighter | oad nmay be consi dered equivalent to 0.15
applications of the |arger |oad.

(4) Extension of this concept permts the reduction of an array of
| oadi ngs and the repetitions of each, to an equival ent nunber of
repetitions of a single selected load. By stating each loading in the
array as equivalent applications of a selected basic |oad, nultiplying
each by its actual nunber of repetitions, and accumul ating the total,
the total applied traffic can be stated as equival ent repetitions (or



applications) of the selected basic |oading. This nmethodology is an

i nportant adjunct to evaluation since it permts conparisons of

cunul ative past traffic, design traffic, traffic associated with | oad
eval uation, and increnments of pavenent |ife associated with overl oadi ng.

d. Pavenent useful life. Pavenent design and eval uati on have | ong
i ncluded a
concept of useful life. At first, pavenents were designed sonmewhat

vaguely to last about 20 years. Wth recognition that pavenents are
structurally limted by sone pass/|oad conbination, it becones necessary
to establish sone useful life before any pass/load limtation can be
meani ngful ly applied. To determ ne, for instance, that a 300, 000- pound
tw n-tandem gear | oadi ng can be sustained for 63,000 passes represents a
severe overloading if passes are applied at 100 per day (approximately 2
years) or significant underloading if passes are at only 1 per day
(approximately 170 years). At 10 per day it represents about a 20-year
useful life. This sinple exanple is further conplicated by m xed
traffic and | oadi ngs, by the portion of useful life already consuned by
past traffic use, and by past cunulative traffic applied prior to ngjor
pavenent upgradi ng such as an overlay. Thus, evaluation results may be
used for determi nation of the total and of the remaining pavenent usefu
life and is required for an Arny eval uation.

6. Eval uation procedure.

a. Steps in the procedure. Fundanentally, evaluation procedures are
the reverse of design procedures and consist of six basic steps:

(1) Thorough study of all existing information regardi ng design,
construction, maintenance, traffic history of the pavenents, results of
physi cal property tests of the pavenents, and weather records for the
vicinity.

(2) Determnation of pavement condition by formal Pavenent Condition
| ndex
(PCl) nethods as delineated in AFR 93-5 wherever possible, but as a
m ni mum by direct visual inspection.
(3) Determnation of the scope, validity of avail able data, and need
for
additional information or tests.

(4) Determ nation of pavenent el enent characteristics and/or
pavenent response to loading for input to the evaluation nmethod using
one of the foll ow ng procedures:

(a) Selection of strength, thickness, and ot her behavioral val ues
considered representative of the flexible or rigid pavenent surfacing,
base course, subbase course, and subgrade from avail abl e dat a.

(b) Opening test pits in selected representative |ocations for
determ nation of material characteristics, |ayer thicknesses, soi
strengths, and noi sture-density conditions.

(c) Nondestructive procedures which devel op the stiffness nodul us
(dynam c or inmpulse) of the overall pavenent section as a basis for
eval uati on.

(d) Nondestructive nethods which neasure the defl ection basin
response to | oading, and determ ne the pavenent |ayer noduli by matching
t he deflection basin wth an elastic |ayer nodel.

(e) Nondestructive testing systens using wave propagation and el astic



theory for determ nation of |ayer stiffness noduli as a basis for
eval uati on.

(5) Determnation of |oad-carrying capacity of the airfield pavenents
t hrough the application of the evaluation criteria using representative
pavenent properties. In this regard, |oad-carrying capacity inplies
al l owabl e 1 oad for selected repetitions or allowable repetitions for
sel ect ed | oadi ngs.

(6) Assignment of an overall field evaluation based on the | oad-
carrying

capacity of the weakest pavenent facility considered essential to the
operation of the airfield.

b. Decision regarding additional tests. The decision as to the
necessity for
obt ai ni ng addi ti onal

test data at the tine of the evaluation or as to the neans of eval uation
to be enployed rests with the evaluating engineer. In many cases, and
particularly when relatively new pavenents are bei ng consi dered, design
and construction control data are sufficient for the evaluation. For

ol der pavenents or in cases where the applicability of available test
results is in doubt, additional tests are desirable. \Were

ci rcunst ances preclude conducting these additional tests, physical
property val ues should be assigned on the nost realistic basis

possi ble, with comments by the eval uating engineer on the limtations
associated wth the val ues used.

7. Site data. In addition to test data on the physical properties of

t he pavenent elenments, it is desirable to obtain the follow ng general
information regarding the site. Mich of the information can be obtai ned
fromrecords of prelimnary investigations and fromthe design anal ysis
if the airfield was constructed by the US Arnmy Corps of Engi neers.

O her types of information that should be obtained are as foll ows:

a. Ceographical location. The geographical |ocation of the airfield can
be

det erm ned using existing engineering data normally furnished by the

usi ng agency.

b. Geology. The general geology of the vicinity will be determ ned
as it applies to the soils at the airfield. The general type of soi
deposition (e.g., alluvial, residual), the parent rock fromwhich the
soil is derived, and other pertinent information will be identified.
Aerial photographs show ng pertinent features of the area wll be
secured when available. Information can be obtained from US Geol ogi cal
Survey publications and from state geol ogi cal departnents, subsurface
expl oration conpanies, and simlar organizations. Soil types can be
determ ned from such sources as Departnent of Agriculture soil maps,
state highway departnments, and well | ogs.

c. Drainage and ground-water conditions. First, the general surface-
dr ai nage
systemfor the area will be ascertained. The natural drainage pattern



can be established fromcontour maps published by the US CGeol ogi cal
Survey, the National Cceanic and Atnospheric Adm nistration, or the

Def ense Mapping Agency. Detailed information wll be collected
concerning drainage at the airfield, including descriptions of any

drai nage installations and shoul der slopes, and whet her excessive
vegetation or soil has built up along the pavenent edges sufficiently to
pond water on the pavenents. The depths to ground-water tables in the
vicinity and at the airfield property should be determ ned, and the
presence of any perched water tables in the airfield subgrade wll be

noted. Information concerning ground-water tables can be obtained from
wel |l logs, cuts or borings in the vicinity, and the | ocation of springs
and seeps.
d. dimtic data. Information on climatic data can be extracted from
routine

Nat i onal Weat her Service publications and fromrecords of the airfield
weat her station. For the period of record, the climatic data should

i ncl ude average daily maxi rum and m ni nrum t enperatures for each nonth,
average annual rainfall, freezing index, average humdity, and
description of the prevailing w nds.

e. Mintenance. Detailed information will be obtained on the
mai nt enance perforned on each facility. Al the dates of application of
such itens as seal coats, surface treatnents, and patches wll be
ascertai ned, and the reason for performng the work will be explained in
all possible detail. Files of the Facilities Engineer, Base Cvil
Engi neer, or responsible construction office should contain this
i nformation.

f. Current condition of pavenents. A detailed survey will be nade of
t he pavenent surface on all facilities. Procedures for conditions
surveys of existing pavenents are presented in AFR 93-5 for Arny and Air
For ce use.

g. Airfield traffic data. For a pavenent evaluation to be neani ngful
it is

essential to have some neasure of normal or expected traffic in terns of
repetitions and | oadi ng characteristics. Thus, the traffic data
collected need to include the type of aircraft, gross weight, and
typi cal operating weights of each type aircraft regularly using the
airfield. Cunulative nunbers of operations by type of aircraft are
needed for each nonth since the facility was activated or since the

| at est eval uation was nmade as well as the distribution of traffic on the
various pavenent facilities. Some records of |andings and takeoffs are
kept by the airfield operations officer and the mai ntenance

organi zati ons and usually can be obtained fromthat officer or froma
desi gnated records hol ding center.

8. Operational considerations.

a. Intensity and repetition of load. The primary factors influencing
the | oad-carrying capability of an airfield pavenent are the thickness
and strength of the pavenent |ayers, distribution of the induced |oading
(gear configuration and tire pressure), and nunber of repetitions of
| oads by the aircraft. Because of the influence of the nunber of



repetitions, aircraft heavier than those for which the pavenents were
desi gned can use the pavenents for periods shorter than the design life
W thout causing failure. Lighter aircraft can use the pavenents for a
| onger period. These concepts,

in connection with airfield evaluation, reveal that airfields can be
eval uated to:
(1) Determne the nunber of repetitions of an aircraft that can use a
pavenent at a designated gross weight.
(2) Determne the allowable gross weight of an aircraft that can use a
pavenent for a given nunber of repetitions.
(3) Determne what effect past aircraft operations have had on

pavenent life in terns of percent |ife used.

(4) Determne the remaining |ife of the pavenent for anticipated future
aircraft operations.

b. Aircraft grouping for evaluation. To reduce cal cul ations and
sinplify the evaluation procedure, operational aircraft have been
divided into 4 classes for Arny evaluation and 13 aircraft groups
designated by an Aircraft G oup Index for Air Force evaluations as shown
in tables 1 and 2, respectively. As noted, the tables contain a listing
of all appropriate operational aircraft that may be expected to use Arny
or Air Force airfields for various purposes. It is not feasible to
eval uate for each specific aircraft, so a controlling aircraft was
sel ected for each | andi ng assenbly configuration where nore than one
aircraft was involved as indicated in tables 1 and 2. A description of
each controlling |anding gear assenbly is shown in table 1 for Arny
aircraft and table 3 for Air Force aircraft.

c. Aircraft traffic. On nost mlitary airfields, novenents of aircraft
foll ow

typi cal patterns, and the anmount of traffic on a pavenent can be

estimated fromthe nunber of |andings and takeoffs on the runways. For

eval uati on purposes, the traffic records should be converted into

passes. An aircraft pass is the passage of an aircraft on the pavenent

facility being evaluated. For a runway, passes are considered to be the

nunber of aircraft takeoffs, excluding touch and go operations. For

t axi ways and aprons, passes are considered to be the nunber of aircraft

novenents that traffic the taxiway or apron. At single-runway

airfields, the pass level for the runway, taxiway, and apron shoul d be

t he sane.

9. Eval uati on.

a. Arny airfields. Evaluations indicating the allowable pass/|oad
relationship will be made for each aircraft in Cass I, Il and |1
(table 1). Wien not restricted by length of the aircraft runways, the
eval uation for aircraft Class IV wll also be included. Evaluations for
Class Il and IV pavenents will include all gear configurations shown in
table 1. The evaluation will be made for each of the aircraft |oadings
indicated in table 1 according to the applicable pavenent class. Wen
sufficient past traffic information is available, an estimation of the
remaining life of the pavenents for future aircraft operations should



al so be made. In addition, the US Arny as a result of its evaluations
requires that overlay thickness requirenents be determ ned and incl uded
in the evaluation report along with mai ntenance requirenents for day-to-
day traffic. Design requirenents are contained in TM 5-825-2 and TM 5-
825-3 for flexible and rigid pavenents, respectively.

b. Air Force airfields. Evaluations indicating the allowable
pass/load relationship will be nade for each aircraft group index (table
2). Characteristics of the controlling aircraft for each group are
shown in table 3. The allowable load for Air Force airfields wll be
determ ned for six pass intensity |evels based upon the aircraft group
index as shown in table 4. Pass intensity levels |I-1V are for normnal
conditions. Pass intensity levels V-VI are for frost nelting periods.
Air Force airfields may also be evaluated to determ ne the all owabl e
nunber of passes for each of the aircraft |oadings indicated in table 5
according to the aircraft group index.

10. Nondestructive evaluation. The procedure for the determ nation of
al |l owabl e pass/load rel ati onshi ps of pavenent systens using the
nondestructive testing technique is discussed in TM 5-826- 2/ AFM 88- 24,
Chap. 2 and TM 5-826- 3/ AFM 88-24, Chap. 3. This procedure makes it
possible to performrapid evaluations with a

m ni mum of interference to nornmal airfield operations.

11. The Aircraft Cassification Nunber/Pavenent C assification Nunber
(ACN PCN) nethod. This method reports aircraft wei ght bearing capacity.
There is a need and a requirenent for reporting the aircraft weight
bearing capacity of airfield pavenents as determ ned by evaluation. The
Def ense Mappi ng Agency publishes weight bearing imts in a Flight

I nformation Publication for civil and international use. The intent is
to provide planning information for individual flights or multiflight

m ssions which will avoid either overloading of pavenent facilities or
refused | anding perm ssion. The collective information is also used by
the aircraft industry in determining | anding gear characteristics for
new aircraft or for acquisition of aircraft suitable for use on
airfields which nust support them

a. The International Cvil Aviation Organization (1CAO (1981, 1983)
has devi sed the ACN PCN nmet hod as an effective, sinple, and readily
conpr ehensi bl e neans for reporting aircraft weightbearing capacity of
airfields. The United States, as a cooperating | CAO nation, has agreed
to report



Table 1. Aircraft

Pavenent Cl ass and

Det er m ni ng

Control I i ng Landi ng

Gear Characteristics
ki ps

Cass |:

Si ngl e wheel, |ess than
100-psi tire pressure,
70 square inch tire

20,
contact area

Class II:

Twi n wheel, 18-inch
center-to-center
spaci ng, 106-square
30,
inch tire contact area

Class |11
Singl e tandem 60-inch
center-to-center
spaci ng, 400-square
155
inch tire contact area

Si ngl e wheel, 100 psi,
272-square inch tire
contact area

Tw n wheel, 26-inch
center-to-center
spaci ng, 165-square
inch tire contact area

Class |V:
Twi n tandem 38- by
48-i nch, 208-square
320,
inch tire contact area

Dual twi n-delta tandem
285-square inch tire
550,
contact area

identification by pavenent class

Aircraft

Ov-1*, U8,

H 34, YAO 1

CH-54*, CH 47,

UH 60, A-7

C- 130*

C 123

C9*, CI1109,
C- 54, G131

C 141

Loads for

Al | owabl e
Passes,

5, 10, 15,

25

20, 25,

40, 50

110, 135,

175, 200

240, 290,

350, 390



--------- * Controlling aircraft.

airfield weight bearing limts by this nethod, and at the present tine
the airfield weight-bearing limts wll be reported in evaluation
reports.

b. Using the ACN PCN nmet hod as prescribed by I CAO (1981, 1983) it is
possi bl e
to express the effect of individual aircraft on different pavenents by a
si ngl e uni que nunber which varies according to pavenent type and
subgr ade strength.
This nunber is the aircraft classification nunber. Conversely, the
| oad-carrying capacity of a pavenent can be expressed by a single unique
nunber without specifying a particular aircraft. This nunber is the
pavenent classification nunber. The ACN and PCN are defined as foll ows:
(1) ACN is a nunber which expresses the relative structural effect
of an aircraft on different pavenent types for specified standard
subgrade strengths
in ternms of a standard singl e-wheel | oad.
(2) PCNis a nunber which expresses the relative |oad-carrying
capacity of a pavenent in

[retrieve Table2. Air Force aircraft group index]

[retrieve Table3. Characteristics of controlling aircraft |anding
assenbl y]



Tabl e 4. Pass | evels for Air Force eval uation

Pass Intensity

Level s 1-3 4-12 13
I 300, 000 50, 000 15, 000
I 50, 000 15, 000 3, 000
1] 15, 000 3, 000 500
|V 3, 000 500 100
\% 300, 000 50, 000 15, 000
Vi 50, 000 15, 000 3, 000

terms of a standard single-wheel |oad. The systemis structured so
that. a pavenent with a particular PCN val ue can support, w thout weight
restrictions, an aircraft which has an ACN val ue equal to or |ess than

t he pavenent’s PCN value. This is possible because ACN and PCN val ues
are conputed using the sane technical basis.

c. ACN values will normally be provided by the aircraft
manuf acturers. The ACN has been devel oped for two types of pavenents,
flexible and rigid, and for four |evels of subgrade strength.

d. The PCN nunerical value for a particular pavenent is determ ned
fromthe allowable | oad carrying capacity of the pavenent. The
al l owabl e | oad rating can be determ ned by applying the principles
contained in TM 5-826- 2/ AFM 88- 24,
Chap. 2 and TM 5-826-3/ AFM 88-24, Chap. 3. In determning the allowable
| oad, such factors as frequency of operations and perm ssible stress
| evel s should be taken into account. Once the

Tabl e 5. Loads for Air Force eval uation

- Aircraft Group I ndex Loads for Determ ning Allowabl e Passes, Kkips
1 5, 10, 15, 20, 25
2 10, 20, 50, 70, 90

3 50, 65, 80, 100, 120



4 75, 100, 125, 150, 175
5 25, 50, 75, 100, 125

6 50, 70, 90, 110, 125

7 75, 125, 150, 175, 225
8 125, 175, 225, 300, 350
9 200, 275, 350, 425, 500
10 350, 450, 550, 650, 800
11 250, 350, 450, 500, 600
12 350, 450, 600, 700, 500
13 200, 275, 350, 425, 500

all owabl e load is established, the determnation of the PCN value is a
process

of converting load to a standard relative value. The allowable | oad use
for Arny evaluations is the maxi mrum al |l owabl e | oad of the nost critical
aircraft that can use the pavenent for the nunber of equival ent passes
expected to be applied for the remaining life. The allowable |load to
use for Air Force evaluations is to be based on 50,000 passes of the C
141 aircraft. Criteria for converting all owable |oads to PCN val ues are
presented in TM 5- 826- 2/ AFM 88-24, Chap. 2 and TM 5-826- 3/ AFM 88- 24,
Chap. 3.

e. The PCN value is for reporting pavenent strength only. The PCN
val ue expresses the results of pavenent evaluation in relative terns and
cannot be used for pavenent design or as a substitute for eval uation.
Pavenment design and eval uati on are conpl ex engi neering problens which
require detail ed anal yses. They cannot be reduced to a single nunber.

12. Evaluation reports. In the preparation of an airfield pavenent
eval uation report, the format and instructions presented in TM 5-826-1
will he followed for Arnmy reports and AFR 93-5 will be followed for Ar
Force reports These instructions require evaluation of the all owabl e
passes and | oadings for each of the classes of Arny airfields or for
each of the Air Force aircraft group indexes. Evaluation details for
flexible and rigid pavenents are presented in TM 5-826- 2/ AFM 88- 24,
Chap. 2, ad TM 5-826- 3/ AFM 88- 24, Chap. 3. Evaluation details for frost
conditions are presented in TM 5-818-3/ AFM 88- 24, Chap. 4.
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